Introduction
Leptospirosis is a zoonotic disease of increased public health concern worldwide, and is caused by the spirochete Leptospira, member of the Leptospiraceae family. 1 In temperate regions, cases occur more often in late summer and early fall, while in tropical regions they occur during rainy seasons.
2 Human infections are caused by direct or indirect contact of mucosa and injured skin with infected animals or their excreta. The clinical manifestations of the disease vary from an influenza-like illness to Weil's syndrome (characterized by jaundice, renal failure and hemorrhagic complications) and respiratory failure with pulmonary hemorrhage. Pathogenesis of the disease initiates by the adhesion of leptospires to host tissues. Several infectious agents have been reported to be implicated in the pathogenesis of the disease, like the lipopolysaccharide (LPS), hemolysins, the outer membrane proteins and the glycolipoprotein. 3, 4 It has been shown that the secretion of pro-inflammatory cytokines is induced by hemolysins of Leptospira interogans in both human and mice macrophages. 5 Cytokines produced in response to the infection have been proposed to be involved in the pathogenesis of leptospirosis. 6 However, it is not known whether the tubular cell damage is direct from the pathogen, or indirect, as a result of circulating inflammatory cytokines. There are several studies on cytokine levels in human leptospirosis, but the number of reports on the combination of various cytokines related with disease progression and outcome is limited. [7] [8] [9] The aim of the present study was to measure the levels of 27 cytokines in patients with acute leptospirosis and evaluate them according to the day after onset of illness, severity of the disease, pulmonary involvement and hemorrhagic manifestations.
Materials and methods

Serum samples
Fifty-four serum samples collected during 2006-2015 from 42 patients (39 males) aged 16-78 years (median 49 years) with a laboratory confirmed diagnosis of leptospirosis were included in the study. For 10 cases (eight severe and two nonsevere), serial samples were available (two serial samples, except one severe case with four serial samples). Among the 42 cases, 37 presented a severe form of the disease; three cases (7%) were fatal. Specifically, 14 (33%) patients had symptoms from the 
Diagnostic methods and cytokine measurement
Laboratory diagnosis was achieved by serological and/or molecular methods: the detection of IgM and IgG antibodies against Leptospira spp. was performed using commercially available ELISA kits (Leptospira IgG/IgM, Institute Virion/Serion GmbH, Wü rzburg, Germany), while a nested PCR was applied for the detection of Leptospira DNA. 10 The serum levels of 27 cytokines were measured using the Bio-PlexTM Suspension Array system (Bio-Rad Laboratories, Hercules, CA, USA), following the manufacturer's instructions. The cytokines tested were: IL-1b, IL-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, eotaxin, basic fibroblast growth factor (FGF-basic), granulocyte colony-stimulating factor (G-CSF), granulocyte macrophage colony-stimulating factor (GM-CSF), IFN-g, IFN-inducible protein 10 (IP-10), monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein-1a (MIP-1a), MIP-1b, platelet-derived growth factor (PDGF), regulated-on-activation normal T-cell expressed and secreted (RANTES), TNF-a and VEGF.
Statistical analysis
Statistical analysis was performed using SPSS 22 (IBM Inc., Armonk, NY, USA). Shapiro-Wilk test was used to evaluate the normal distribution of the data set. The evaluation of differences in cytokine (except RANTES) levels between two groups was performed using the nonparametric Mann-Whitney U test, while when there were more than two groups the analysis was performed using Kruskal-Wallis test. Since in most cases the RANTES level was above the upper detection limit, the samples were divided into three groups (high, normal and low levels) and the statistical analysis was done using the x 2 test or Fisher's exact test when the expected count of cells was ,5. A general linear model of univariate analysis adjusted for age and sex was applied.
Spearman's correlation analysis was performed for the correlation among cytokines, and the correlation between cytokines and day of illness, patients' age and gender, presence of respiratory and hemorrhagic manifestations, and hospitalization in ICU. A p-value of ,0.05 was considered significant.
Results
The mean levels of six cytokines (IL-6, IL-8, GM-CSF, IP-10, MCP-1 and VEGF) differed significantly between the severe and the control group, while only GM-CSF differed significantly between the mild and the control group; IP-10 was significantly higher in severe than in non-severe cases (p,0.05) (Table 2, Figure 1 ). After adjustment it was found that age and sex did not affect the cytokine levels. IL-6, IP-10 and MCP-1 were elevated in most cases (35/42, 33/42 and 29/42, respectively). In general, 1 to 16 cytokines were elevated (higher than the upper limit of the control group) per patient. The strongest immune response was seen in three patients with severe disease who presented high levels in several cytokines on the 4th and 5th day of illness (two had 15, and one had 16 elevated cytokines).
In Table 3 the range and the mean levels of cytokines in severe cases in the three day groups are shown. Significant differences among groups were seen in IL-6, IP-10 and MCP-1. Specifically, the difference in IL-6 was significant between groups 1-2 (p¼0.011), 1-3 (0.032) and 2-3 (0.038); IP-10 differed significantly between day groups 1-3 (p¼0.005) and 2-3 (p¼0.050); the difference in MCP-1 was significant only between groups 1-2 (p¼0.007). In serial samples of the severe cases, IL-6, IP-10 and MCP-1 presented significantly elevated levels in the first samples compared to control group (p,0.05). IL-6 and MCP-1 levels declined in the serial samples, while IP-10 remained elevated even 13 days p.o.i. This trend was not seen in the serial number of the 2 mild cases: the elevation of IL-6, IP-10 and MCP-1 levels in the first samples was not significant compared to the control group (p.0.05), and levels returned to normal in the second samples.
Among the affected cytokines which peaked early (1st day group), were IL-1ra, IL-10, G-CSF, MCP-1, MIP-1b and TNF-a; IL-1b, IL-6, IL-8, IL-9, GM-CSF, IP-10, MIP-1a and TNF-a peaked in the 2nd day group; the only factor which peaked later, in the 3rd group, was VEGF. Due to the low number of mild cases (7 samples from 5 cases), analysis per day group was not performed.
Pulmonary involvement was seen in 14 cases. It was seen that among the 37 severe cases, TNF-a was significantly lower in the cases with pulmonary involvement than those without symptoms of the respiratory system (p¼0.017) (Figure 2 ). Hemorrhagic manifestations (seen in eight cases, including two fatal cases) were significantly related with low levels of PDGF (p¼0.004) and VEGF (p¼0.044). In severe cases, PDGF was correlated with VEGF (r s ¼0.509, p,0.001), while high levels of RANTES were significantly associated with elevated PDGF and VEGF levels (p¼0.023 and p¼0.002, respectively).
Discussion
In vitro and animal model studies showed that highly virulent leptospires can induce a cytokine storm at the early stages of the disease with a type 1 cytokine response. 11, 12 In a recent study it was A. Papa and T. Kotrotsiou shown that IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17 and TNF-a concentrations were significantly higher in severe than in mild cases (p,0.05), 9 while low TNF-a level was linked with fatal outcome. 13 The present study showed that IL-6, IL-8, GM-CSF, IP-10, MCP-1 and VEGF concentrations were significantly higher than in the control group (p,0.05). Significant difference between severe and mild cases was seen only in IP-10; however, the number of samples from mild cases was low (n¼7). Among the three fatal cases, one had very low TNF-a, while the rest had normal values. In general, limitation of the present study was the low number of mild (n¼5) and fatal (n¼3) cases, making the comparison non reliable.
IL-6 acts both as a pro-inflammatory and an antiinflammatory cytokine. It stimulates hypothalamus, leading in body's temperature increase, and it inhibits TNF-a and IL-1 (acting as anti-inflammatory cytokine). In the present study IL-6 levels were elevated even from day group 1 in severe cases, and increased further in group 2, returning to normal levels in group 3 (Table 3) . A declining pattern was also seen in the serial samples. A similar trend has been reported in hantavirus infections, in which the increased IL-6 levels seen at the early stages, declined in the late phase. 14 IP-10 is secreted by several cell types in response to IFN-g. High IP-10 levels were seen in 33/42 patients, suggesting cellular immune response, despite the fact that leptospires are not intracellular organisms. The mean IP-10 levels in Crimean-Congo hemorrhagic fever cases were higher compared to the respective values in the control group and related significantly with the viral load (p,0.05), suggesting its potential role in disease pathogenesis. 15 Elevated IP-10 in leptospirosis suggesting involvement of cellular immune system has been reported previously. 16 IP-10 levels were significantly higher in severe than in mild cases (p,0.05). Specifically, high IP-10 values were seen among patients hospitalized in ICU (9/10, including two cases with fatal outcome), patients with respiratory symptoms (11/14) and hemorrhages (7/8). An in vivo study in kidneys of hamsters infected with pathogenic Leptospira showed that IP-10 is expressed early (on day 3) post-infection. 17 In severe cases of the present study, IP-10 levels were significantly higher than that of the control group even from the early stage of illness Transactions of the Royal Society of Tropical Medicine and Hygiene (Table 3) . MCP-1 was increased in 29/42 patients, including 11 of the 14 patients with respiratory manifestations. The highest mean levels were seen in day group 1. A study in mice showed that the expression and the increase of MCP-1 was correlated with the severity of the disease. 18 In the present study, although MCP-1 levels were increased in both severe and non-severe patients, only the severe cases presented significantly higher levels compared to the control group (p¼0.009).
The mean VEGF levels were significantly higher in severe than in non-severe cases (p,0.05). It was the only cytokine which peaked in day group 3 (Table 3) . A similar trend was observed in infected hamsters, with VEGF levels rising late during the course of Leptospira interrogans infection. 19 Furthermore, this was also observed in patients with hantavirus infections; in those patients, the mean VEGF levels were significantly higher in severe than nonsevere cases, suggesting that the role of VEGF was associated with repair of vascular damage. 
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Pulmonary involvement was related only with TNF-a; significantly lower TNF-a levels were observed in cases with respiratory symptoms (p¼0.017). TNF-a remained at normal levels in the majority of cases (32/42), and was low in 6/42 cases (including one fatal). A suppression of TNF-a in leptospirosis patients has been previously reported, 6,7 while low TNF-a has been linked with fatal outcome. 13 The presence of hemorrhagic manifestations was related with decreased PDGF and VEGF. The platelets are known to release several growth factors (including PDGF, RANTES and VEGF), which probably explain their decreased levels in the event of thrombocytopenia. 21 
Conclusions
The present study provides an insight into the cytokine patterns in human leptospirosis, especially in severe cases, and shows that several pro-and anti-inflammatory cytokines, colony stimulating and chemotactic factors are released during the acute phase of the disease, some of them with significant differences related to the sampling time, the pulmonary involvement and the presence of hemorrhagic manifestations. This study can serve as basis for further well-designed prospective studies with serial samples taken the same day p.o.i. from severe and mild leptospirosis cases. Having a better insight into the host immune response in leptospirosis elucidates the pathogenesis of the disease and could be the basis for immunotherapeutic targets, especially for the severe cases in which antibiotic treatment is not adequate.
